T , isolated from forest soil in Jeollabuk-do, South Korea, exhibited antibiotic production on yeast extract-malt extract-glucose (YMG) medium containing magnesium chloride as a trace mineral, and inhibited the growth of Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Staphylococcus epidermidis, Paenibacillus larvae, Escherichia coli, Candida albicans and Aspergillus niger. Growth occurred at 15-45 8C, pH 4-11 and in the presence of up to 2 % (w/v) NaCl. Biochemical analyses indicated that the predominant menaquinones produced by this strain were MK-9(H 6 ) and MK-9(H 8 ); small amounts of MK-10(H 2 ) and MK-10(H 4 ) were also detected. The polar lipid profile comprised diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine, and the cell-wall peptidoglycan contained LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contained glucose, galactose, ribose and rhamnose. The fatty-acid profile of strain T13
The term 'antibiotic' was first used in 1942 by Selman Waksman to describe substances produced by organisms that hinder the growth of other organisms and, to date, substances that can effectively replace antibiotics have yet to be identified. These bioactive compounds are produced widely in nature, and can be found in eukaryotes and prokaryotes. However, the majority of known antibiotics are generated by prokaryotes belonging to the actinomycetes (Cundliffe, 1989; Newman & Cragg, 2012) . In particular, organisms of the genus Streptomyces (family Streptomycetaceae; order Actinomycetales; class Actinobacteria; phylum Actinobacteria) produce approximately 70 % of all known antibiotics (Bérdy, 2005) . Since the 1950s, many micro-organisms have evolved robust antimicrobial resistance (Madigan et al., 2009) . For example, certain strains of meticillin-resistant Staphylococcus aureus, vancomycinresistant Enterococcus, vancomycin-resistant Staphylococcus aureus (Klevens et al., 2006; Moran et al., 2006) and Candida albicans are resistant to all known antimicrobial compounds (Madigan et al., 2009) . It is therefore necessary to discover or develop novel antibiotics for use against these resistant pathogens (Coates & Hu, 2007; Donadio et al., 2010) , and previously uncharacterized bacterial species represent one potential source of such compounds (Clardy et al., 2006; Lewis, 2013; Yamamura et al., 2014) . While the golden era of natural antibiotic discovery occurred in the 1940s and 1950s, and the majority of current antimicrobial-producing strains belonging to the genus Streptomyces were isolated during that period (Clardy et al., 2006) , it is thought that up to 99 % of the microbes present in soil environments have yet to be characterized. Furthermore, compared with the diversity of DNA sequences present in soil bacteria, the metabolic products of these organisms have not been adequately explored in the laboratory (Pham & Kim, 2012; Torsvik et al., 1990) . Therefore, we aimed to isolate and characterize novel antibiotic-producing bacterial strains with the hope of identifying novel antimicrobial compounds. In this study, we describe a novel species of the class Actinobacteria that was isolated from a soil environment in South Korea.
Soil samples collected from forest soil in Dongeum-ri, Sunchang-gun, Jeollabuk-do, South Korea (368 569 11.80 N 1278 379 24.50 E), in November 2013 were air-dried for 72 h and then heated to 40 8C for 16 h (Williams & Wellington, 1982) . Subsequently, 1 g of each soil sample was suspended in 9 ml humic acid vitamin (HV) broth, starch-casein broth and R2A broth, and then serially diluted to 10 27 in 10 ml volumes of each medium. : 0.5 g proteose peptone, 0.5 g yeast extract, 0.5 g acid digest of casein, 0.5 g glucose, 0.5 g soluble starch, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , 0.3 g sodium pyruvate, 15 g agar, pH 7.2), respectively. Petri dishes were incubated at 28 8C for 3 weeks, and morphologically distinct colonies were isolated. Spores of strain T13
T were cultured on inorganic salts-starch agar [International Streptomyces Project (ISP) medium 4; Shirling & Gottlieb, 1966] and stored as 20 % (v/v) glycerol stocks at (70 8C).
Morphological and physiological characterizations of strain T13
T were carried out as described by Shirling & Gottlieb (1966) and by Williams et al. (1989) T were included for comparison. Morphological observations were conducted on spores and mycelium after culturing on ISP 4 agar for 30 days at 28 8C using an EVO MA 10 scanning electron microscope (Carl Zeiss). Production of aerial mycelium by strain T13
T was observed on Czapek-Dox agar and ISP 4 agar, and lightgrey and white mycelium was detected on oatmeal agar (ISP 3) ( Table 1 ). Unlike strain T13
T , spores of the reference strains grew on most of the media tested (at least three of the five different media) with different spore mass colours (Table S1 , available in the online Supplementary Material). While the spores of strain T13
T were smooth-surfaced and the spore chains ranged from hook shaped to straight (Fig. 1) , there was variability in the spore-surface and spore-chain combinations among the reference strains (Table 2) . Meanwhile, antibiotic-resistance testing was performed using the paper disc method. Briefly, 6 mm Whatman paper discs were treated with 20 ml of solutions containing 0.5, 1.0, 1.25, 2.5, 5.0 and 10.0 mg?ml 21 ampicillin, streptomycin, rifampicin, tetracycline and chloramphenicol. Gram-staining was conducted based on the method of Rohde (2001) .
To optimize the culture conditions for strain T13
T , growth of the organism was assessed on various solid media (Table 1) . Strain T13
T was originally cultured on both HV agar and starch-casein agar and, while it grew on all media tested, the highest levels of growth were observed on yeast extractmalt extract agar (ISP 2), tyrosine agar (ISP 7) and Bennett's modified agar (Table 1) . Subsequently, to compare the optimal growth conditions of T13 T with those of closely related species of the genus Streptomyces, T13 T and the type strains mentioned above were cultured in Bennett's modified medium (DSMZ medium 548) at 4, 10, 15, 20, 25, 28, 30, 37, 42, 50 and 55 8C, pH 3.0-12.0 (at intervals of 1 pH unit) and in the presence of 1-12 % (w/v) NaCl (at intervals of 1 %). In addition, we examined the ability of strain T13 T to utilize a variety of carbon and nitrogen sources (Table 2) . Strain T13
T was capable of utilizing 1 % (w/v) concentrations of L-arabinose, D-xylose, rhamnose, raffinose, cellulose, D-mannitol, D-fructose and D-myo-inositol as sole carbon sources, and 0.1 % (w/v) L-valine, L-tyrosine and Lornithine, but not L-arginine, as sole nitrogen sources. Notably, the phenotypic characteristics of strain T13
T (use of carbon and nitrogen sources, hydrolysis and melanin production) were similar to those of S. gramineus JR-43 T and S. graminifolii JL-22 T . However, while strain T13 T was only tolerant of salt concentrations of #2 %, and grew at 15-45 8C, the salt tolerance and growth temperatures of S. gramineus JR-43 T and S. graminifolii JL-22 T were #4 and #5 % and 10-37 and 4-37 8C, respectively.
The Sherlock Microbial Identification System (MIDI Inc.) was used to analyse the cellular fatty acid profiles of strain T13
T and the reference type strains, and to evaluate the relationships between them, according to the methods of Sasser (1990) . All strains were cultured aerobically in trypticase soy broth (TSB) at 28 8C with shaking (160 r.p.m.) for 5 days. The fatty acid methyl esters of strain T13
T and the reference type strains were then analysed by gas chromatography (HP 6890 series GC system; Hewlett Packard) using the Microbial Identification software package version 6.08 (MIDI Inc.; database TSBA6). For chemotaxonomic analysis, cell-wall diaminopimelic acid isomers and whole-cell sugars were extracted from dry cells and analysed, as described by Lechevalier & Lechevalier (1970 , 1980 and by Staneck & Roberts (1974) .
Meanwhile, polar lipids were extracted according to the procedure described by Minnikin et al. (1984) , separated by two-dimensional TLC and detected using appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . a-Naphthol was used to identify glycolipids at 100 and 160 8C for 5 min (Jacin & Mishkin, 1965 ) and Dragendorff's reagent (Sigma Aldrich) was also used to confirmed the presence of phosphatidylcholine. Lastly, menaquinones were extracted according to the protocol of Collins (1985) and were analysed by HPLC. The polar lipid profile of strain T13
T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, two unknown glycolipids (UG1 and UG2) and one unknown polar lipid (UL) (Fig. S1 ). The polar lipid profiles of strain T13
T and the type strains of closely related species are summarized in Table 2 . Notably, unlike other genera, the polar lipid composition may change for most species of the genus Streptomyces. While Lechevalier et al. (1977) conducted experiments to classify groups, there were no clear relationships, and it was difficult to assign groups. These findings highlight the difficulties associated with comparing bacterial species by prokaryotic systematics. The fatty acid profile (Table S2 ) of strain T13
T was composed predominantly (.10 %) of iso-and anteisobranched fatty acids [iso-C 16 : 0 (24.4 %), anteiso-C 15 : 0 (16.1 %) and iso-C 15 : 0 (11.6 %)], which is typical of species of the genus Streptomyces (Anderson & Wellington, 2001; Manfio et al., 1995) . Smaller amounts (.4 %) of anteiso-C 17 : 0 (8.7 %), C 16 : 0 (8.0 %), iso-C 14 : 0 (5.9 %), iso-C 16 : 1 H (4.5 %) and iso-C 17 : 0 (4.4 %) were also present. Furthermore, trace amounts of fatty acid methyl esters, including anteiso-C 17 : 1 v9c, C 15 : 1 v6c and C 17 : 1 v8c as well as summed features 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c), 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), 5 (C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ), 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ) were detected. Notably, fatty acid methyl esters have been detected in only a few other species of the genus Streptomyces (Kroppenstedt, 1992) . The cell-wall peptidoglycan of T13
T contained LL-diaminopimelic acid, glutamic acid, alanine and glycine, and whole-cell hydrolysates contained glucose, galactose, ribose and rhamnose (Fig. S2) . Lastly, the predominant menaquinones of strain T13
T were MK-9(H 6 ) (61.6 %) and MK-9(H 8 ) (30.3 %); small amounts of MK-10(H 2 ) (5.0 %) and MK-10(H 4 ) (3.1 %) were also detected.
To determine the taxonomic position of strain T13
T , phylogenetic analysis was performed to compare the 16S rRNA gene sequence of this organism to those of other members of the genus Streptomyces. For this analysis, genomic DNA was extracted from T13
T following the procedure of Cui et al. (2001) , and the 16S rRNA gene was amplified by PCR using primers 27F and 1492R (Frank et al., 2008) . Sequencing was performed using an Applied Biosystems 3730XL DNA Analyser and a Big Dye Terminator cycle sequencing kit version 3.1 (Applied Biosystems). The 16S rRNA gene sequences of related taxa were obtained from GenBank, and were edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) and evolutionary distances were calculated by using Kimura's twoparameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using neighbour-joining, maximum-likelihood and maximum-parsimony methods with the MEGA5.03 program (Tamura et al., 2011) and bootstrap values (1000 replicates) (Felsenstein, 1985) . The EzTaxon system (http://www.ezbiocloud.net/eztaxon) was used to calculate sequence similarities T is only loosely associated with existing members of the genus Streptomyces, and that it holds a unique position relative to related taxa (Fig. 2) .
DNA-DNA hybridization methods have been used since the 1960s to classify prokaryotic species (Meier-Kolthoff et al., 2013; Tindall et al., 2010) . Because there were high levels of 16S rRNA gene sequence similarity between strain T13
T and the type strains of other species of the genus Streptomyces (97.56-98.29 %), we chose to utilize this method to characterize the relatedness of these organisms. For these analyses, DNA was extracted from each strain and the purity and concentration of each sample were then assessed by 1 % agarose (w/v) gel electrophoresis and spectrophotometry (MaestroNano spectrophotometer; Maestrogen), respectively. DNA-DNA hybridization was then conducted using photobiotin-labelled (SigmaAldrich) DNA probes specific to strain T13 T and to the type strains of six closest species of the genus Streptomyces, according to the protocol of Ezaki et al. (1989) . Salmon sperm DNA (Invitrogen) was used as a control. Experiments were carried out in 96-well plates, and samples were measured using a Victor X2 2030 multilabel reader (Perkin Elmer Wayne et al. (1987) , indicating that strain T13
T should be assigned to a novel species of the genus Streptomyces. Lastly, the DNA G+C content of strain T13
T was determined to be 69.50 mol% by using HPLC, as described by Mesbah et al. (1989) .
Based on the morphological, chemotaxonomic and phylogenetic evidence described above, we propose that strain DDPG, Diphosphatidylglycerol; OH-PE, hydroxy-phosphatidylethanolamine; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PME, phosphatidyl-N-methylethanolamine; PS, phosphatidylserine.
dai, Anteiso-branched; i, iso-branched.
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T13
T should be considered to represent a novel species of the genus Streptomyces, for which we propose the name Streptomyces olivicoloratus sp. nov.
During preliminary analyses, strain T13
T exhibited antibacterial activity against Paenibacillus larvae KACC 14031 on R2A medium. Therefore, various media were assessed to determine the optimal medium for antibiotic production by strain T13 T , including R2A, TSB (Oxoid), ISP 2, ISP 4, GSS broth (l
21
: 10 g soluble starch, 20 g glucose, 25 g soybean meal, 1 g beef extract, 4 g yeast extract, 2 g NaCl, 0.25 g K 2 HPO 4 , 2 g CaCO 3 , adjusted to pH 7.2 prior to autoclaving), YMG medium (l
: 4 g glucose, 4 g yeast extract, 10 g malt extract, 2 g CaCO 3 , adjusted to pH 7.2 before autoclaving), 19-400-SGG-OM broth (Goodfellow & Fiedler, 2010 ) and Bennett's modified broth. Furthermore, a variety of compounds, including starch, fructose, sucrose, glycerol and glucose (as a control), were examined as sole carbon sources [0.4 % (w/v) for each], and the effects of 0.01 % (w/v) concentrations of MgCl 2 , FeSO 4 , CuSO 4 , ZnSO 4 , NaCl, CoCl 2 and KH 2 PO 4 were tested. The results of these analyses indicated that optimal antibiotic production by strain T13 T occurred on YMG medium containing glucose and trace amounts of MgCl 2 . As such, the antimicrobial activity of extracts prepared from cells of strain T13
T cultured in YMG medium was examined against a panel of bacterial and fungal strains using the paper disc method. All test strains were purchased from the Korean Agricultural Culture Collection (KACC, Jeonju, Korea) or the Korea National Environmental Microorganisms Bank (KEMB, Suwon-si, Korea). Extracts were prepared by cultivating spores of strain T13
T in 50 ml TSB in a 250 ml flask at 28 8C for 2 days with shaking (160 r.p.m.). Five per cent (v/v) of the resulting seed medium was then transferred into a 500 ml flask containing 100 ml YMG medium. The culture was incubated at 28 8C with shaking (200 r.p.m.) for 5 days, and the biomass was removed by centrifugation at 3000 r.p.m. for 20 min at 4 8C. The culture supernatant was harvested and extracted twice with an equal volume of diethyl ether, and the upper layer was collected and dried using a rotary evaporator at 40 8C. The total yield of crude extract (68.09 mg) was dissolved in 300 ml methanol, which was then aliquotted in 15 ml volumes onto 6 mm paper discs (Whatman) and incubated at room temperature to allow the methanol to evaporate. Meanwhile, bacterial pathogens were cultured in 20 ml LB medium at optimal temperature overnight, and then streaked onto agar plates. Single colonies were picked and adjusted to a concentration of 10 4 c.f.u. ml 21 in Mueller-Hinton broth (with the exception of P. larvae KACC 14031, which was prepared on brain heart infusion medium) using a spectrophotometer (Biochrom Libra S4). Spores of Aspergillus niger KACC 40280 were prepared at a concentration of 10 4 spores ml 21 , and spores were subsequently removed from Sabouraud dextrose agar. Candida albicans KACC 30003 was grown in YM medium (ATCC medium 200) to a concentration of 10 4 c.f.u.?ml 21 . The optical densities of the fungal and bacterial suspensions were measured at 550 and 600 nm, respectively, and 100 ml of each suspension was spread on R2A plates (for A. niger KACC 40280), BHI plates (for P. larvae KACC 14031) or Mueller-Hinton agar plates (for all other strains) (90615 mm Petri dishes). Paper discs containing extracts from strain T13
T were then placed on the plates, and zones of inhibition of bacterial and fungal strains were assessed after 24 and 48 h of incubation, respectively. Notably, extracts from strain T13
T exhibited antimicrobial activity against all of the pathogens tested, including Gram-positive bacteria, Gram-negative bacteria and fungi. These results therefore indicate that this newly described strain may produce an antimicrobial(s) that is effective against a broad range of microbial pathogens.
Description of Streptomyces olivicoloratus sp. nov.
Streptomyces olivicoloratus (o.li.vi.co.lo.ra9tus. L. n. oliva olive; L. part. perf. coloratus coloured; N.L. masc. adj. olivicoloratus olive-coloured).
Aerobic, Gram-positive actinobacterium that produces hook-shaped to straight chains of smooth spores. Growth occurs at 15-45 uC (optimum 28-30 uC), at pH 4-11 (optimum pH 7) and in the presence of up to 2 % (w/v) NaCl. Growth occurs on ISP 2, 3, 4, 5, 6 and 7 media, CzapekDox agar, potato dextrose agar, trypticase soy agar, Bennett's modified agar and nutrient agar at 28 uC, with optimal growth on Bennett's modified agar and ISP 2 and ISP 7 media. The organism produces aerial mycelium that is light grey on ISP 4 and Czapek-Dox agar, and substrate mycelium that is olive-coloured on Czapek-Dox agar and brown on ISP 4 medium. Melanin pigment is produced on peptone-yeast extract-iron agar (ISP 6). The organism degrades gelatin, starch, urea, aesculin, xylan (weakly) and DNA ( ) and MK-9(H 8 ); small amounts of MK-10(H 2 ) and MK-10(H 4 ) are also detected. The major fatty acids are iso-C 16 : 0 , anteiso-C 15 : 0 and iso-C 15 : 0 , and the polar lipid profile contains diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and phosphatidylcholine under the conditions tested. The cell-wall peptidoglycan contains LL-diaminopimelic acid, glutamic acid, alanine and glycine, and whole-cell hydrolysates contain glucose, galactose, ribose and rhamnose.
The type strain, T13
T (5KEMB 9005-210 T 5KACC 18227 T 5NBRC 110901 T ), was isolated from forest soil in Dongeum, Sunchang, Jeonbuk, South Korea. The DNA G+C content of the type strain is 69.50 mol%.
